Showdomycin was first isolated from Streptomyces showdoensis by Nishimura and co-workers.1 It is a white crystalline antibotic of empirical formula C9H11N06 which is active against both gram-positive and gram-negative bacteria and is especially active against Streptococcus hemolyticus' and Streptococcus pyogenes.2 Showdomycin possesses significant antitumor activity against Ehrlich mouse ascites tumor in vivo and is active against cultured HeLa cells.3 It has a melting point of 153-1540C, a specific rotation of [a]22.5 + 49.90 (C = 1, H20), and a major ultraviolet absorption maximum of 220 mqu in aqueous solution.1 Antibiotic MSD-125A was obtained4 from Merck, Sharp and Dohme Research Laboratories, and a rigorous comparison of physical data indicated MSD-125A to be identical to showdomycin.
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The ultraviolet absorption spectrum of showdomycin' was suggestive of a maleimide-type structure. Treatment of showdomycin with dilute aqueous ammonia produced an absorption maximum at 328 mgu which rapidly disappeared upon further exposure to base. Similar behavior was exhibited with maleimide and is interpreted as a removal of the -NH proton by the base followed by basic hydrolysis to give ring opening. Table 1 illustrates the effect of dilute aqueous ammonia on showdomycin and certain maleimides. Inspection of Table 1 indicates the similarity of maleimide and showdomycin and strongly suggests the presence of hydrogen on the nitrogen atom.
Determination of the pKa by the potentiometric method gave a value of 9.29 d 0.04 for showdomycin. Similarly, determination of the pKa of maleimide by the same procedure5 gave a value of 9.46 + 0.03. These data are again strong support for the imide-type structure and the presence of an acidic "NH"-type proton.
The infrared spectrum of showdomycin' exhibits a very strong carbonyl band at 1704 cm-' which is very similar to that exhibited by maleimide at 1704 cm-'. Showdomycin was hydrogenated using palladium -on carbon catalyst and was found to consume 1.1 moles of hydrogen in ten minutes with loss of ultraviolet absorption. Maleimide under similar conditions absorbed 1.0 mole of hydrogen in six minutes with similar loss of ultraviolet absorption.
Examination of the proton magnetic resonance spectra of showdomycin revealed a number of interesting features.
(1) In dry deuterated dimethylsulfoxide-d6 a definite single absorption peak (one proton) was noted at 10.786, typical of the "NH" proton of a cyclic amide. A sharp doublet (one proton) was observed at 6.746, typical of an aromatic or vinylic proton. The remaining nine protons were observed as multiplets in the 3.2-5.346 region.
(2) When showdomycin was examined in deuterium oxide in the presence of deuterated acetic acid-d4 (Fig. 1) , the "NH" proton at 10.786 was absent due to deuterium exchange. Similarly, three protons previously found in the 3.2-5.36 A small sample of each of the compounds was dissolved in water, and the absorption maximum due to the n -T* transition in the 300-m~a region was noted. Several drops of conc. aqueous ammonia were added, the Xmaz was measured immediately, and the approximate time required for its disappearance observed.
region had also exchanged with deuterium. Thus showdomycin has four exchangeable protons.
These data, the optical rotation, and empirical formula CgH1nNO6 suggested the presence of a carbohydrate moiety. The presence of a carbohydrate attached to maleimide could account for the slight increased acidity due to the electronegative effect of the sugar. Attempts to establish the presence of a sugar via acid hydrolysis were unsuccessful. Thus a possible carbon-carbon glycosidic bond was suggested since the nitrogen had been shown to be unsubstituted. Showdomycin was then treated with aqueous hydrazine at 1000. This procedure has been employed by Davis and Allen6 for the detection of D-ribose in pseudouridine. Following this treatment of showdomycin with hydrazine, D-ribose was detected on paper chromatograms by the use of aniline phthalate spray (see Experimental). The establishment of the carbohydrate moiety as D-ribose was of considerable assistance in further structure elucidation. Periodate titration indicated the consumption of 1 mole of periodate which established the furanose configuration. Examination of the pmr spectra of showdomycin in deuterium oxide in the presence of deuteroacetic acid-d4 revealed the anomeric proton centered at 4.826 (Fig. 1 ). This proton (Hb) is split into a doublet by the proton at the 2' carbon (Hc) which is further split into two doublets by the vinylic proton Ha. The coupling constant between Ha and Hb is 1.5 cps. The position of this anomeric proton is deciding proof of the attachment of the D-ribose moiety on carbon. Pseudouridine under similar Although pseudouridine gives a red-brown color with the orcinol reagent, both showdomycin and formycin give negative tests with this reagent. Chambers10 suggests that pseudouridine possesses considerable carbonium ion character which is probably responsible for the positive orcinol reaction and for the isomerization of pseudouridine in acid solution. Such isomerization has not been observed for formycin or showdomycin and suggests greater stability of the C-glycosidic bond.
Comparison of the structure of showdomycin with that of uridine (Fig. 4) sively used as alkylating agents for the sulfhydryl group'3-'6 or the amino group"7 in various proteins. Thus the presence of the ,3-Dribosyl moiety might well convey desirable specificity to the maleimide molecule in these reactions. Indeed, showdomycin may well prove to be an exciting tool in the study of various enzymes concerned with nucleoside and nucleotide biochemistry.
Experimental.-All melting points were determined with a Thomas Hoover melting-point apparatus and are uncorrected. Pmr spectra were determined on a Varian A-60 spectrometer and all samples run in DMSO-d6, D20, or a mixture of D20 and acetic acid-d4 which contained 1% sodium 2,2-dimethyl-2-silapentane-5-sulfonate (DSS) as an internal standard. Ultraviolet spectra were obtained on a Beckman DK-2 spectrophotometer. The infrared spectra were determined on a Beckman IR-5A spectrophotometer using pressed KBr pellets. Plates with an adsorbent layer of 0.35 mm thickness were used for thin-layer chromatography. Showdomycin (MSD-125A) was purified by recrystallization from anhydrous acetone.
Reaction of showdomycin with periodate: To a 250-ml erlenmeyer flask was added a 45-mg sample of showdomycin. The solid was dissolved in 5 ml of water. A 5-ml aliquot of 0.05 M periodic acid (prepared by dissolving 10.7 gm of NaIO4 in water, adding 0.2 ml of conc. H2SO4, and diluting the solution to 100 ml) was added. The solution was stoppered, and after 1 hr, 20 ml of water and 1-2 drops of methyl red were added and the solution was neutralized with 0.05 N NaOH. One ml of saturated potassium iodide solution and 2.5 ml of 15% H2SO4 were added and the solution was titrated immediately with 0.0943 N Na2S203 solution using Paragon as an indicator.
Three blank determinations were made using all the reagents as described above, giving an average value for Vblk of 20.98 ml. The sample size was selected such that it would consume 0.8 as much Na2S203 as the blank. The number of moles periodate consumed was calculated from the following formula:
NN52So2 (Vblank -Vsample) = 2 (moles of sample) (moles IO4,).
A summary of the results is given in Table 2 .
Treatment of showdomycin with hydrazine: A mixture of 2 mg of showdomycin, 0.2 ml of water, and 0.5 ml of hydrazine (95%) was heated at 1000 for 5 hr. After cooling the solution, benzaldehyde (2-3 ml) was carefully added and the mixture extracted three times with ether. The aqueous solution was then used for paper chromatography. Ten jul of the solution and 1 p&l of 1% aqueous solutions of the sugars were used. The chromatograms were sprayed with aniline hydrogen phthalatel8 and then heated for 5 min at 1000. (See Table 3 and 25% of the a anomer (pseudouridine B). A 300-mg sample was dissolved in 60 ml of boiling methanol, filtered, and the filtrate chilled overnight at -15°. A trace of dark solid was removed by filtration and the filtrate slowly evaporated to a volume of about 10 ml. The white solid (110 mg, mp 220-224.5o) was collected and recrystallized from 95% ethanol to yield 90 mg of the pure ,6-anomer of pseudouridine (pseudouridine C) mp 224.5-226°, (lit. mp 220-221' ;8 223-2242o0).
Summary. --Showdomycin has been shown to be 3-f3-D-ribofuranosylmaleimide (I), a carbon-substituted nucleoside antibiotic structurally related to uridine and pseudouridine.
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